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Abstract of JP9171813 

PROBLEM TO BE SOLVED: To provide a nonaqueous electrolyte battery excellent in low temperature 
load characteristic and capacity characteristic by using a positive electrode active material or negative 
electrode active material covered with an inorganic ion conductive membrane. SOLUTION: In this 
nonaqueous electrolyte secondary battery, its positive electrode active material or negative electrode 
active material is covered with an inorganic ion conductive membrane formed of an inorganic material 
generally excellent in withstand voltage. Therefore, the isolation of a solvent from a conductive ion 
species on the surface of the active material and the movement of the conductive on species into the 
active material can be performed in different places. Namely, the isolation of solvent from the 
conductive ion species can be performed in the critical surface between the inorganic ion conductive 
membrane and the nonaqueous solvent, and the movement of the conductive ion species into the 
active material can be performed in the critical surface between the active material and the inorganic 
ion conductive membrane. As the inorganic ion conductive membrane, a one substantially having no 
electron conductivity is used. Thus, this nonaqueous electrolyte secondary battery can be improved in 
low temperature load characteristic, discharge characteristic, and cycle characteristic. 
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* NOTICES * 

Japan Patent 0££ice is not responsible for any 
damages caused by the use o£ this translation. 

1. This docximent has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] The nonaqueous electrolyte cell characterized by using the positive active material or the 
negative-electrode active material covered with the inorganic ionic conduction film. 
[Claim 2] The nonaqueous electrolyte cell according to claim 1 whose nonaqueous electrolyte cell is 
a rechargeable lithium-ion battery. 

[Claim 3] The nonaqueous electrolyte cell according to claim 2 whose inorganic ionic conduction 
film is a lithium and an aluminum-hydroxide composite. 

[Claim 4] The nonaqueous electrolyte cell according to claim 1 to 3 whose thickness of the inorganic 
ionic conduction film is 5A - 5 micrometers. 

[Claim 5] The nonaqueous electrolyte cell according to claim 2 to 4 whose positive active material is 
the multiple oxide of a lithium and transition metals. 

[Claim 6] The nonaqueous electrolyte cell according to claim 2 to 5 whose negative-electrode active 
materials are a dope and the carbonaceous ingredient which can be dedoped about a Uthium ion. 
[Claim 7] The manufacture approach characterized by forming in the fi-ont face of positive active 
material or a negative-electrode active material the inorganic ionic conduction fibn which consists of 
a lithium and an alummum-hydroxide composite by making the alkaU water solution which is 
dissolving the aluminum hydroxide distribute positive active material or a negative-electrode active 
material in the manufacture approach of the nonaqueous electrolyte cell using the positive active 
material or the negative-electrode active material covered with the inorganic ionic conduction film 
which consists of a lithium and an aluminum-hydroxide composite, and adding a lithium-hydroxide 
water solution to the dispersion liquid. 

[Claim 8] In the manufacture approach of the nonaqueous electrolyte cell using the positive active 
material or the negative-electrode active material covered with the inorganic ionic conduction fihn 
which consists of a lithium and an aluminum-hydroxide composite By making the alcoholic solution 
which is dissolving the aluminum alkoxide and the lithiimi alkoxide distribute positive active 
material or a negative-electrode active material, and adding water to the dispersion liquid The 
manufacture approach which hydrolyzes an aluminum alkoxide and a lithium alkoxide and is 
characterized by depositing the lithiimi and aluminum-hydroxide composite to generate as inorganic 
ionic conduction film on the fi-ont face of positive active material or a negative-electrode active 
material. 
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DETAILED DESCRPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the nonaqueous electrolyte cell excellent in a cold 
load property and capacitance characteristics, especially the lithium ion nonaqueous electrolyte 
rechargeable battery excellent also in the cycle property. 

[0002] 

[Description of the Prior Art] In recent years, high-performance-izing of electronic equipment, a 
miniaturization, and portable-ization progress by advance of an electronic technique, and it is 
requested that the rechargeable battery used for these electronic equipment should be formed into 
high density energy. 

[0003] As a rechargeable battery currently conventionally used for such electronic equipment, 
although the nickel cadmium battery and the lead cell were common, to the latest electronic 
equipment, discharge voltage was low, and energy density was not enough, either. 
[0004] So, recently, a lithium ion nonaqueous electrolyte rechargeable battery is developed as a 
rechargeable battery which can realize high power and a high energy consistency, and the part is put 
in practical use. In such a lithium ion nonaqueous electrolyte rechargeable battery, the multiple oxide 
of a lithium and transition metals (Co etc.) is used as positive active material, a dope and the 
carbonaceous ingredient which can be dedoped are used for a lithium ion as a negative-electrode 
active material, and what dissolved electrolytes, such as LiPF6, in non-aqueous solvents, such as 
propylene carbonate and diethyl carbonate, as nonaqueous electrolyte is used. Since the multiple 
oxide of a lithium and transition metals is being used especially for such a cell as positive active 
material, cell voltage serves as Abbreviation 3.6-4.5V, and it can expect the remarkable high energy 
consistency. 

[0005] However, in the case of the lithium ion nonaqueous electrolyte rechargeable battery which 
uses the multiple oxide of a lithiimi and transition metals as positive active material, since cell 
voltage is quite high, there is a problem that the electrolytic solution decomposes. This problem is 
explained taking the case of the case where LiCo02 is used as positive active material. 
[0006] As shown in drawing 6 , the field where it has the field (active region) B where the front face 
of the positive-active-material particle 60 is performed with the field (non-active region) A where 
insertion and emission of a hthium ion are not performed, and the field and the organic substance 
from which functional groups, such as a hydroxyl group, tum and, as for the non-active region, serve 
as a broth according to the manufacture process conditions of a positive-active-material particle, a 
lithiimi carbonate, etc. adhered it corresponds. 

[0007] Moreover, although a lithium ion will be inserted in positive active material on the occasion 
of discharge of a lithium ion nonaqueous electrolyte rechargeable battery, migration (reduction of* 
cobalt) of the lithium ion from a lithium ion to the desorption and the interior of positive active 
material of the solvent which carried out the solvation to the lithium ion as the front face of 
insertion / emission field of positive active material was shown in drawing? in this case needs to be 
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performed. Moreover, although a lithium ion is emitted into nonaqueous electrolyte from the front 
face of positive active material on the occasion of charge, some cobalt atoms serve as a gestalt of 
Co02 in that case. This tetravalent cobalt is unstable, and is going to gain an electron and it tends to 
tend to become trivalent. Therefore, if the solvent molecule which carried out the solvation to the 
hthium ion in nonaqueous electrolyte ^preaches positive active material in connection with the 
charge and discharge of a lithium ion nonaqueous electrolyte rechargeable battery, oxidative 
degradation of some solvent molecules will be carried out with a tetravalent cobalt atom, and a 
decomposition product will adhere to the positive-active-material front face as passive state film. For 
this reason, there are problems, such as a fall of a cold load property, a fall of charge-and-discharge 
capacity, and a fall of a cycle property. 

[0008] Moreover, since the non-active region of the front face of positive active material increases 
according to disassembly of a solvent as mentioned above, especially the fall of a cold load property 
also poses a problem. 

[0009] The above problem is generated not only positive active material but in a negative-electrode 
active material, and is generated further not only a lithiimi ion nonaqueous electrolyte rechargeable 
battery but in the case of other nonaqueous electrolyte rechargeable batteries. 
[0010] As an approach of solving such a problem, the front face of the carbon material of the 
negative electrode of a lithium ion nonaqueous electrolyte rechargeable battery is covered with the 
solid polymer electrolyte film (organic ionic conduction fihn) of lithium ion conductivity, and 
making it a solvent not contact an electrode surface directly is proposed (JP,7- 134989, A). 
[0011] 

[Problem(s) to be Solved by the Invention] However, as indicated by JP,7- 134989, A, when an 
electrode active material is covered with the solid polymer electrolyte film of lithium ion 
conductivity, the solid polymer electrolyte film which is the organic substance decomposes gradually 
by the repeat of charge and discharge, and there are a fall of charge-and-discharge capacity, a fall of a 
cold load property, and a problem that the fall of a cycle property arises further. 
[0012] Moreover, the problem of a fall of the cold load property based on disassembly of the solvent 
of such nonaqueous electrolyte or discharge capacity is not limited to a nonaqueous electrolyte 
rechargeable battery, but, also in the case of a nonaqueous electrolyte primary cell (for example, 
lithium primary cell), is produced. 

[0013] This invention tends to solve the problem of the above Prior art, and does not ask whether it is 
a primary cell or it is a rechargeable battery, but offers the nonaqueous electrolyte cell excellent in a 
cold load property, capacitance characteristics, etc., and aims at enabling it to also improve a cycle 
property ftirther especially about a nonaqueous electrolyte rechargeable battery. 
[0014] 

[Means for Solving the Problem] this invention person came to complete a header and this invention 
for it replacing with the solid polymer electrolyte fihn, and the above-mentioned purpose being 
attained by using the inorganic ionic conduction film formed from the inorganic substance excellent 
in the withstand voltage property. 

[0015] That is, this invention offers the nonaqueous electrolyte rechargeable battery characterized by 
using the positive active material or the negative-electrode active material covered with the inorganic 
ionic conduction fihn. 
[0016] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail. 
[0017] In the nonaqueous electrolyte rechargeable battery of this invention, the positive active 
material or a negative-electrode active material is covered with the inorganic ionic conduction film 
fomied from the inorganic substance which is generally excellent in withstand voltage nature. For this 
reason, it becomes possible to perform migration of an electric conduction ion kind to the desorption 
and the interior of an active material of a solvent from an electric conduction ion kind which were 
conventionally performed to coincidence in the front face of an active material in a separate location. 
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That is, desorption of the solvent from an electric conduction ion kind is performed by the interface 
of the inorganic ionic conduction film and a non-aqueous solvent, and it becomes possible to move 
the electric conduction ion kind inside an active material by the interface of an active material and the 
inorganic ionic conduction fibn. In this case, in order to prevent that the migration of an electron to 
the interior of an active material arises on the nonaqueous electrolyte side front face of the inorganic 
ionic conduction fihn, and a solvent oxidizes, the inorganic ionic conduction film uses what does not 
have electronic conductivity substantially. Therefore, the nonaqueous electrolyte rechargeable battery 
of this invention becomes that the cold load property, the discharge property, and whose cycle 
property improved. 

[001 8] It is as follows when it explains typically, referring to drawing 1 taking the case of LiCo02 
which mentions such effectiveness later as positive active material, and the nonaqueous electrolyte 
rechargeable battery whose metal ion which contributes to a lithium and an aluminum-hydroxide 
composite, and a cell reaction as quality of inorganic ion electric conduction is a lithium ion. 
[0019] That is, as shown in drawing 1 , the structure of a lithium and an aluminum-hydroxide 
composite is the structure where the lithium ion as an ion conductor is compoimded in the network 
structure in which aluminum (0H)3 which covers the front face of positive active material carried out 
dehydration condensation partially. Here, when the lithium ion in nonaqueous electrolyte is inserted 
in positive active material, first, the lithium ion which is carrying out the solvation approaches 
positive active material, and the inorganic ionic conduction film is reached and adsorbed. If a cobalt 
atom changes to Co3+ from Co4+ at the time of discharge, the lithium ion which exists in 
coincidence near the positive-active-material front face of the inorganic ionic conduction film will be 
incorporated by positive active material. The lithium ion by which it and coincidence were adsorbed 
on the nonaqueous electrolyte side front face of the inorganic ionic conduction film is incorporated in 
the inorganic ionic conduction fibn, desorbing the solvent molecule which was carrying out the 
solvation. Therefore, it can be made to *♦**, without oxidizing the solvent which is carrying out the 
solvation to the lithium ion. 

[0020] In this invention, out of the film which consists of an inorganic compound which has ion 
conductivity as inorganic ionic conduction film, the good thing of ionic conductivity can be used, 
choosing it suitably so that a load characteristic may not be reduced. For example, the matter of 
structure in which an aluminum hydroxide, hydroxylation titanium, or hydroxylation silicon carried 
out dehydration condensation structurally can be used. These can make a corresponding metal 
alkoxide able to hydrolyze, and when the hydrolyzate condenses competitively, they can be formed. It 
is desirable to use a lithium and an aluminum-hydroxide composite for lithium ion nonaqueous 
electrolyte rechargeable batteries especially, as shown in drawing 1 from the point that migration 
resistance of a lithium ion is low. Moreover, a lithium and a silicon oxide composite can also be used. 

[0021] The inorganic ion electric conduction film which consists of such a lithium and an alimiinum- 
hydroxide composite can make the alkali water solution which is dissolving the aluminum hydroxide 
able to distribute positive active material or a negative-electrode active material, can add a lithium- 
hydroxide water solution to the dispersion liquid, and can form it by depositing a lithium and an 
aluminum-hydroxide composite on the front face of positive active material or a negative-electrode 
active material. In this case, since positive active material or a negative-electrode active material will 
be washed by the alkah water solution, the non-active region of those front faces can be reduced 
greatly. Therefore, a cold load property can be raised. 

[0022] Moreover, a lithium alkoxide (for example, Li (OC2H5)) and an aliuninum alkoxide (for 
example, aluminum3 (OC2H5)) are dissolved in lower alcohol (for example, ethanol) as an exception 
method of formation of the inorganic ion electric conduction film which consists of a lithium and an 
aluminum-hydroxide composite. The solution is made to distribute positive active material or a 
negative-electrode active material, water is added to the dispersion liquid and they are made to 
hydrolyze a lithium alkoxide and an aluminum alkoxide. Thereby, it can form in the front face of 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



08/16/2004 



Page 4 of 7 



positive active material or a negative-electrode active material by depositing a lithiimi and an 
alviminum-hydroxide composite. Also in this case, the hydrolysis liquid of a lithium alkoxide and an 
aluminum alkoxide will present alkalinity, and positive active material or a negative-electrode active 
material will be washed by that liquid. Therefore, the non-active region of those front faces can be 
reduced greatly, and a cold load property can be raised. 

[0023] Since tiie membrane resistance to ionic conduction will become large if too thick [ if too thin, 
oxidation reduction disassembly of a solvent cannot fully be controlled, but ], 5A - 5 micrometers of 
thickness of the inorganic ionic conduction film are 50-500A more preferably. 
[0024] Moreover, as positive active material of a nonaqueous electrolyte rechargeable battery, it can 
constitute according to the class of cell made into the purpose, using a metallic oxide, metallic 
sulfide, or a specific polymer as an active material. For example, when it constitutes a lithium ion 
nonaqueous electrolyte rechargeable battery, as positive active material, the metallic sulfide or the 
oxide which does not contain the Hthium of TiS2, MoS2, NbSe2, and V205 grade, the hthium 
multiple oxide which makes a subject LixM02 (M expresses the transition metals more than a kind 
among a foraiula, and it is usually 0.05<=x<=l . 1 0) can be used. As transition metals M which 
constitute this lithium multiple oxide, Co, nickel, Mn, etc. are desirable. As an example of such a 
lithium multiple oxide, LiCo02, LiNi02, LixNiyCol-y02 (x and y change with charge-and- 
discharge conditions of a cell among a formula, and it is usually 0< x<l and 0.7< y<1.02), and 
LiMn204 grade can be raised. These lithiums multiple oxide can be used with a suitable negative 
electrode and the suitable electrolytic solution, can produce the cell which generates the high voltage, 
and serves as positive active material which was excellent in energy density. According to the 
presentation of a request of the carbonate of a lithium, a nitrate, oxide or a hydroxide, and carbonates, . 
such as cobalt, manganese, or nickel, a nitrate, oxide or a hydroxide, grinding mixing of this lithixmi 
multiple oxide can be carried out, and it can be prepared by calcinating in a 600-1000-degree C 
temperature requirement under an oxygen ambient atmosphere. 

[0025] Moreover, although various ingredients can be used as a negative-electrode active material of 
a nonaqueous electrolyte rechargeable battery according to the class of cell made into the purpose, the 
carbonaceous ingredient in which a dope and a dedope of the metal ion contributed to a cell reaction, 
especially a lithium ion are possible can be raised. The low crystallinity carbonaceous ingredient 
calcinated and obtained at the comparatively low temperature of 2000 degrees C or less as such a 
carbonaceous ingredient, the high crystallinity carbon material which processed the raw material 
which is easy to crystallize at the about 3000-degree C elevated temperature can be used. For 
example, pyrolytic carbon, corks, artificial graphites (pitch coke, needle coke, petroleum coke, etc.), 
natural graphites, glassy carbon, an organic high-molecular-compound baking object (what calcinated 
and carbonized fiiran resin etc. at suitable temperature), a carbon fiber, activated carbon, etc. can be 
used, the low crystallinity carbonaceous ingredient which does not have an exothermic peak in 700 
degrees C or more especially by the differential thermal analysis [ the spacing of a field (002) can set 
to 3.70A or more, and / true density ] in less than 1 .70g [ cc ] /and an air air current, and a negative 
electrode - a mixture - the high true specific gravity of restoration nature can use preferably a 2.10g 
[/cc ] or more high crystallinity carbonaceous ingredient 

[0026] Moreover, as an organic solvent used for nonaqueous electrolyte, propylene carbonate, 
ethylene carbonate, diethyl carbonate, methylethyl carbonate, 1, 2-dimethoxyethane, 1, 2-diethoxy 
ethane, gamma-butyrolactone, a tetrahydrofiiran, 1, 3-dioxolane, dipropyl carbonate, diethylether, a 
sulfolane, a methyl sulfolane, an acetonitrile, propyl nitril, an anisole, acetic ester, propionic-acid 
ester, etc. can be used, and two or more sorts may be mixed and used, for example. 
[0027] Moreover, as an electrolyte dissolved in nonaqueous electrolyte, the salt of light metals, such 
as a hthium, sodiiun, and aluminum, can be used, and it can set suitably according to the cell class 
which uses the nonaqueous electrolyte concerned. For example, when it constitutes a lithium ion 
nonaqueous electrolyte rechargeable battery, as an electrolyte, the lithium salt of LiC104, LiAsF6, 
LiPF6, LiBF4, LiCF3S03, and LiN(CF3S02)2 grade can be used. 
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[0028] Other components, for example, a charge collector, a cell can, etc., of a nonaqueous 
electrolyte rechargeable battery of this invention etc. can be considered as the same configuration as 
the conventional nonaqueous electrolyte rechargeable battery. 

[0029] Moreover, the nonaqueous electrolyte rechargeable battery of this invention can be 
manufactured as usual except using the active material covered with the inorganic ionic conduction 
film. 

[0030] In addition, especially the cell configuration of the nonaqueous electrolyte rechargeable 
battery of this invention may not be limited, and may be a cylindrical configuration, a square shape 
configuration, a coin mold configuration, a carbon button mold configuration, or a paper mold 
configuration. Moreover, in order to obtain a closed mold nonaqueous electrolyte rechargeable 
battery with more high safety, the thing equipped with a means to make a current intercept according 
to a cell intemal pressure rise at the time of the abnormalities at the time of overcharge is desirable. 
[0031] 

[Example] The following examples explain this invention to a detail fiirther, 

[0032] Using a petroleimi pitch as an example 1 (production of negative electrode) start raw material, 
this was carbonized and coarse-grain-like pitch coke was obtained. This pitch coke was ground to the 
particle with a mean particle diameter of 20 micrometers. This powder was calcinated and 
carbonaceous-ized at 1000 degrees C in the inert gas ambient atmosphere. 
[0033] as the obtained carbonaceous ingredient powder 90 weight section and a binder - the 
polyvinylidene fluoride (PVDF) 10 weight section ~ mixing - a negative electrode - a mixture is 
prepared and this is distributed to n-methyl pyrrolidone - making - a negative electrode - a mixture 
- the slurry was prepared. 

[0034] Next, this slurry was applied to both sides of the band-like copper foil (negative-electrode 
charge collector) of lO-micrometer thickness, after drying, it pressed with the roller press machine 
and the band-like negative electrode was obtained, the negative electrode after shaping ~ both sides 
of the thickness of a mixture were 90 micrometers. Moreover, width of face of a band-like negative 
electrode was set to 55.6nMn, and die length was set to 551 .5mm. 

[0035] (Production of a positive electrode) One mol of cobalt carbonate was fully mixed with 0.5 
mols of lithium carbonates, and LiCo02 which is positive active material was obtained by calcinating 
at 900 degrees C for 5 hours imder the air ambient atmosphere. 

[0036] Next, the sodium-hydroxide 10 weight section is dissolved in the water 90 weight section, the 
alkali water solution was prepared and the alumimrai-hydroxide 10 weight section was dissolved 
fiirther. It supplied to this solution, agitating the powder 100 weight section of LiCo02 compounded 
previously. Furthermore, 2% water solution of a lithium hydroxide was dropped, and 50 weight 
sections were agitated for it for 1 hour. Thereby, deposit formation was carried out and the inorganic 
ionic conduction film which becomes the fi-ont face of the powder of LiCo02 firom a lithium arid an 
aluminum-hydroxide composite was dried at 120 more degrees C for 2 hours. 
[0037] the powder 91 weight section of obtained LiCo02, the graphite (electric conduction agent) 6 
weight section, and the PVDF3 weight section are distributed to n-methyl pyrrolidone - making - a 
positive electrode - a mixture - the slurry was prepared. 

[0038] Next, this slurry was applied to both sides of the band-like aluminium foil (positive-electrode 
charge collector) of 20-micrometer thickness, after drying, it pressed with the roller press machine 
and the band-like positive electrode was obtained, the positive electrode after shaping ~ both sides of 
the thickness of a mixture were 70 micrometers. Moreover, width of face of a band-like positive 
electrode was set to 53.6mm, and die length was set to 523.5mm. 

[0039] (Production of a nonaqueous electrolyte rechargeable battery) The above-mentioned band-like 
negative electrode, the band-like positive electrode, and the separator that consists of a fine porosity 
polypropylene fihn (thickness of 25 micrometers, width efface of 58.1mm) were used as the negative 
electrode, the separator, the positive electrode, and the electrode object that carried out the four-layer 
laminating to the order of a separator. Along with the longitudinal direction, the negative electrode 
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was ♦***ed inside, it whirled, this electrode object was wound around the mold about many times, 
and the eddy coil former electrode object was produced by fixing the last edge of an outermost 
periphery separator with adhesive tape. In addition, the bore for a centrum of the core of this eddy 
coil former electrode object was 3.5mm, and the outer diameter was 17.0mm. 
[0040] The acquired eddy coil former electrode object was contained with the iron cell can which 
performed nickel plating. Moreover, the electric insulating plate was installed in vertical both sides of 
an eddy coil former electrode object, the lead made fi-om aluminum for collecting a positive electrode 
was drawn from the positive-electrode charge collector, it welded to the cell lid, the lead made from 
nickel for collecting a negative electrode similarly was drawn from the negative-electrode charge 
collector, and it welded to the cell can. And 5.0g of nonaqueous electrolyte which dissolved LiPF6 at 
a rate of one mol/1. into the amount mixed solvent of isochore of propylene carbonate and diethyl 
carbonate was poured in into the cell can. Furthermore, by closing a cell can through the insulating 
obturation gasket by which surface treatment was carried out with asphalt, the cell lid was fixed and 
the airtightness m a cell was secured. Thereby, the cylindrical nonaqueous electrolyte rechargeable 
battery with a diameter [ of 18mm ] and a height of 65mm was obtained. 

[0041] The cylindrical nonaqueous electrolyte rechargeable battery was produced like the example 1 
except forming the example 2 inorganic ion electric conduction film in the front face of a negative- 
electrode active material (carbonaceous ingredient) instead of the bont face of positive active 
material, as shown below. 

[0042] That is, it added agitating the carbonaceous ingredient 100 weight section which produced the 
lithium ethoxide 50 weight section and the aluminium ethoxyide 50 weight section like flie case of an 
example 1 in the solution which dissolved in the ethanol 100 weight section, and 50 weight sections 
were dropped there, water was agitated to it for 1 hour, and lithium ethoxide and aluminium 
ethoxyide were hydrolyzed. At the time of hydrolysis, the condensation reaction arose competitively, 
and deposit formation of the inorganic ionic conduction film which becomes the front face of a 
negative-electrode active material from the composite of a lithium and an aluminum hydroxide by 
that cause was carried out. drying this at 120 degrees C for 2 hoxirs — a negative electrode — it 
considered as the raw material of a mixture. 

[0043] The cylindrical nonaqueous electrolyte rechargeable battery was produced by the same 
actuation as an example 1 except not forming the inorganic ionic conduction film in the front face of 
example of comparison 1 positive active material. 

[0044] (Evaluation) Each trial of the Cole Cole plot property ( drawing 2 ) for evaluating the ease of 
migration of a lithium ion about the cylindrical nonaqueous electrolyte rechargeable battery of an 
example 1 and the example 1 of a comparison, a cycle property ( drawing 3 ), a cold load property 
( drawing 4 ), and a discharge property ( drawing 5 ) was performed on condition that the following. 
[0045] In addition, about the cell of an example 2, the measurement result about a cycle property is 
shown in drawing 3 . 
[0046] 

(1) Cole Cole plot property Measuring object: Cell at the two-cycle eye termination time of each cell 
charged [ 100% ] Constant current constant-potential charge Charge electrical potential difference: 
4.2Vmax Charging current: 700mAmax Charging time: 2.5hr It is temperature at the time of charge. : 
Room temperature Measuring device *Frequency Response Analyzer (S-5720C and NF Electric 
Instruments shrine make) 

* Potentiostat (HA-501G, Hokuto Denko Corp. make) 

Measurement temperature: 23-degree-C regularity Impression alternating voltage: lOmV A sine 
wave, 0.05-lOOkHz [0047] 

(2) Cycle property Charge conditions Constant current constant-potential charge Charge electrical 
potential difference: 4.20Vmax Charging current: 700mAmax Charging time: 2.5hr It is temperature 
at the time of charge. : 23-degree-C regularity Discharge conditions Constant-current discharge 
Discharge current: 400mA regularity Discharge final voltage: 2.75V It is temperature at the time of 
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discharge. : 23-degree-C regularity [0048] 

(3) Cold load property Measuring object: Two-cycle eye termination cell of each cell Charge 
conditions Constant current constant-potential charge Charge electrical potential difference: 

4.20 Vmax Charging current: 700niAmax Charging time: 2.5hr It is temperature at the time of charge. 
: -10-degree-C regularity Discharge conditions Constant-current discharge discharge currmt: Repeat 
(1.5 Axioms and 150mAxl5ms) Discharge final voltage: 2.75V It is temperature at the time of 
discharge. : -10-degree-C regularity [0049] 

(4) Discharge property Measuring object: 100 cycle eye termination cell of each cell Charge 
conditions Constant current constant-potential charge Charge electrical potential diflferOTce: 
4.20Vmax Charging current: 700mAmax Charging time: 2.5hr It is temperature at the time of charge. 
: 23-degree-C regularity Discharge conditions constant-current discharge Discharge current: 400mA 
regularity Discharge final voltage: 2.75V It is temperature at the time of discharge. : -10-degree-C 
regularity [0050] From drawing 2 (Cole Cole plot property Fig.), the cell of an example 1 is 
understood that resistance is low compared with the cell of the example 1 of a comparison, therefore 
insertion to the active material of a littiium ion is easy. 

[0051] From drawing 3 (cycle property Fig.), the cell of an example 1 and an example 2 is understood 
that discharge capacity is high and discharge capacity retention is moreover also high compared with 
the cell of the example 1 of a comparison. 

[0052] Although the cell of the example 1 of a comparison is large immediately after low- 
temperature discharge starting and cell voltage fell fi"om drawing 4 (cold load property Fig.), cell 
voltage is falling gradually and it tums out that the cell of an example 1 is desirable practically. 
[0053] The cell of an example 1 is understood that discharge capacity is high compared with ttie cell 
of the example 1 of a comparison fi-om drawing 5 (discharge property Fig.), 
[0054] 

[Effect of the Invention] According to this invention, nonaqueous electrolyte primary, or the cold 
load property and discharge capacity of a rechargeable battery is improvable. Furthermore, in the case 
of a nonaqueous electrolyte rechargeable battery, a cycle property can also be raised. 
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TECHNICAL FIELD 

[Field of the Invention] This invention relates to the nonaqueous electrolyte cell excellent in a cold 
load property and capacitance characteristics, especially the lithixmi ion nonaqueous electrolyte 
rechargeable battery excellent also in the cycle property. 
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PRIOR ART 

[Description of the Prior Art] In recent years, high-performance-izing of electronic equipment, a 
miniaturization, and portable-ization progress by advance of an electronic technique, and it is 
requested that the rechargeable battery used for these electronic equipment should be formed into 
hi^ density energy. 

[0003] As a rechargeable battery currently conventionally used for such electronic equipment, 
although the nickel cadmium battery and the lead cell were conmion, to the latest electronic 
equipment, discharge voltage was low, and energy density was not enough, either. 
[0004] So, recently, a lithium ion nonaqueous electrolyte rechargeable battery is developed as a 
rechargeable battery which can realize high power and a high energy consistency, and the part is put 
in practical use. In such a lithium ion nonaqueous electrolyte rechargeable battery, the multiple oxide 
of a lithium and transition metals (Co etc.) is used as positive active material, a dope and the 
carbonaceous ingredient which can be dedoped are used for a lithium ion as a negative-electrode 
active material, and what dissolved electrolytes, such as LiPF6, in non-aqueous solvents, such as 
propylene carbonate and diethyl carbonate, as nonaqueous electrolyte is used. Since the multiple 
oxide of a lithium and transition metals is being used especially for such a cell as positive active 
material, cell voltage serves as Abbreviation 3. 6-4.5 V, and it can expect the remarkable high energy 
consistency. 

[0005] However, in the case of the lithium ion nonaqueous electrolyte rechargeable battery which 
uses the multiple oxide of a lithium and transition metals as positive active material, since cell 
voltage is quite high, there is a problem that the electrolytic solution decomposes. This problem is 
explained taking the case of the case where LiCo02 is used as positive active material. 
[0006] As shown in drawing 6 , the field where it has the field (active region) B where the fi-ont face 
of the positive-active-material particle 60 is performed with the field (non-active region) A where 
insertion and emission of a lithium ion are not performed, and the field and the organic substance 
firom which functional groups, such as a hydroxyl group, turn and, as for the non-active region, serve 
as a broth according to the manufacture process conditions of a positive-active-material particle, a 
lithiimi carbonate, etc. adhered it corresponds. 

[0007] Moreover, although a lithium ion will be inserted in positive active material on the occasion 
of discharge of a lithium ion nonaqueous electrolyte rechargeable battery, migration (reduction of 
cobalt) of the lithium ion fi-om a lithium ion to the desorption and the interior of positive active 
material of the solvent which carried out the solvation to the lithium ion as the fi"ont face of 
insertion / emission field of positive active material was shown in drawing 7 in this case needs to be 
performed. Moreover, although a hthiiun ion is emitted into nonaqueous electrolyte firom the firont 
face of positive active material on the occasion of charge, some cobalt atoms serve as a gestalt of 
Co02 in that case. This tetravalent cobalt is xmstable, and is going to gain an electron and it tends to 
tend to become trivalent. Therefore, if the solvent molecule which carried out the solvation to the 
lithium ion in nonaqueous electrolyte approaches positive active material in cormection with the 
charge and discharge of a lithiimi ion nonaqueous electrolyte rechargeable battery, oxidative 
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degradation of some solvent molecules will be carried out with a tetravalent cobalt atom, and a 
decomposition product will adhere to the positive-active-material front face as passive state film. For 
this reason, there are problems, such as a fall of a cold load property, a fall of charge-and-discharge 
capacity, and a fall of a cycle property. 

[0008] MoreovCT, since the non-active region of the front face of positive active material increases 
according to disassembly of a solvent as mentioned above, especially the fall of a cold load property 
also poses a problem. 

[0009] The above problem is generated not only positive active material but in a negative-electrode 
active material, and is generated further not only a lithium ion nonaqueoxis electrolyte rechargeable 
battery but in the case of other nonaqueous electrolyte rechargeable batteries. 
[0010] As an approach of solving such a problem, the front face of the carbon material of the 
negative electrode of a lithium ion nonaqueous electrolyte rechargeable battery is covered with the 
solid polymer electrolyte film (organic ionic conduction film) of lithium ion conductivity, and 
making it a solvent not contact an electrode surface directly is proposed (JP,7- 134989, A). 
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EFFECT OF THE INVENTION 

[Effect of tiie Invention] According to this invention, nonaqueous electrolyte primary, or the cold 
load property and discharge capacity of a rechargeable battery is improvable. Furthermore, in the case 
of a nonaqueous electrolyte rechargeable battery, a cycle property can also be raised. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] However, as indicated by JP,7- 134989, A, when an 
electrode active material is covered with the solid polymer electrolyte film of Hthium ion 
conductivity, the solid polymer electrolyte film which is the organic substance decomposes gradually 
by the repeat of charge and discharge, and there are a fall of charge-and-discharge capacity, a fall of a 
cold load property, and a problem that the fall of a cycle property arises fiirther. 
[0012] Moreover, the problem of a fall of the cold load property based on disassembly of the solvent 
of such nonaqueous electrolyte or discharge capacity is not limited to a nonaqueous electrolyte 
rechargeable battery, but, also in the case of a nonaqueous electrolyte primary cell (for example, 
lithium primary cell), is produced. 

[0013] This invention tends to solve the problem of the above Prior art, and does not ask whether it is 
a primary cell or it is a rechargeable battery, but offers the nonaqueous electrolyte cell excellent in a 
cold load property, capacitance characteristics, etc., and aims at enabling it to also improve a cycle 
property further especially about a nonaqueous electrolyte rechargeable battery. 
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MEANS ^ 

[Means for Solving the Problem] this invention person came to complete a header and this invention 
for it replacing witti the solid polymer electrolyte film, and the above-mentioned purpose being 
attained by using the inorganic ionic conduction fihn formed firom the inorganic substance excellent 
in the withstand voltage property. 

[0015] That is, this invention offers the nonaqueous electrolyte rechargeable battery characterized by 
using the positive active material or the negative-electrode active material covered with the inorganic 
ionic conduction fihn. 
[0016] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail. 
[0017] In the nonaqueous electrolyte rechargeable battery of this invention, the positive active 
material or a negative-electrode active material is covered with the inorganic ionic conduction film 
formed firom the inorganic substance which is generally excellent in withstand voltage nature. For this 
reason, it becomes possible to perform migration of an electric conduction ion kind to the desorption 
and the interior of an active material of a solvent fi'om an electric conduction ion kind which were 
conventionally performed to coincidence in the front face of an active material in a separate location. 
That is, desorption of the solvent from an electric conduction ion kind is performed by the interface 
of the inorganic ionic conduction film and a non-aqueous solvent, and it becomes possible to move 
the electric conduction ion kind inside an active material by the interface of an active material and the 
inorganic ionic conduction fihn. In this case, in order to prevent that the migration of an electron to 
the interior of an active material arises on the nonaqueous electrolyte side front face of the inorganic 
ionic conduction film, and a solvent oxidizes, the inorganic ionic conduction film uses what does not 
have electronic conductivity substantially. Therefore, the nonaqueous electrolyte rechargeable battery 
of this invention becomes that the cold load property, the discharge propierty, and whose cycle 
property improved. 

[0018] It is as follows when it explains typically, referring to drawing 1 taking the case of LiCo02 
which mentions such effectiveness later as positive active material, and the nonaqueous electrolyte 
rechargeable battery whose metal ion which contributes to a lithium and an aluminum-hydroxide 
composite, and a cell reaction as quality of inorganic ion electric conduction is a hthium ion. 
[0019] That is, as shown in drawing 1 , the structure of a lithium and an aluminum-hydroxide 
composite is the stmcture where the lithium ion as an ion conductor is compounded in the network 
structure in which aluminum (0H)3 which covers the front face of positive active material carried out 
dehydration condensation partially. Here, when the lithium ion in nonaqueous electrolyte is inserted 
in positive active material, first, the lithium ion which is carrying out the solvation approaches 
positive active material, and the inorganic ionic conduction film is reached and adsorbed. If a cobalt 
atom changes to Co3+ from Co4+ at the time of discharge, the lithium ion which exists in 
coincidence near the ppsitive-active-material front face of the inorganic ionic conduction fihn will be 
incorporated by positive active material. The lithium ion by which it and coincidence were adsorbed 
on the nonaqueous electrolyte side front face of the inorganic ionic conduction film is incorporated in 
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the inorganic ionic conduction film, desorbing the solvent molecule which was carrying out the 
solvation. Tho-efore, it can be made to ****, without oxidizing the solvent which is carrying out the 
solvation to the lithium ion. 

[0020] In this invention, out of the film which consists of an inorganic compound which has ion 
conductivity as inorganic ionic conduction film, the good thing of ionic conductivity can be used, 
choosing it suitably so that a load characteristic may not be reduced. For example, the matter of 
structure in which an aluminum hydroxide, hydroxylation titanium, or hydroxylation silicon carried 
out dehydration condensation structurally can be used. These can make a corresponding metal 
alkoxide able to hydrolyze, and when the hydrolyzate condenses competitively, they can be fomied. It 
is desirable to use a lithium and an aluminimi-hydroxide composite for Uthium ion nonaqueous 
electrolyte rechargeable batteries especially, as shown in drawing 1 fi-om the point that migration 
resistance of a lithium ion is low. Moreover, a Uthium and a silicon oxide composite can also be used. 

[0021] The inorganic ion electric conduction film which consists of such a lithium and an aluminum- 
hydroxide composite can make the alkali water solution which is dissolving the aluminum hydroxide 
able to distribute positive active material or a negative-electrode active material, can add a lithiimi- 
hydroxide water solution to the dispersion liquid, and can form it by depositing a lithium and an 
aluminum-hydroxide composite on the fi-ont face of positive active material or a negative-electrode 
active material. In this case, since positive active material or a negative-electrode active material will 
be washed by the alkali water solution, the non-active region of those firont faces can be reduced 
greatly. Therefore, a cold load property can be raised. 

[0022] Moreover, a lithiimi alkoxide (for example, Li (OC2H5)) and an aluminum alkoxide (for 
example, aluminums (OC2H5)) are dissolved in lower alcohol (for example, ethanol) as an exception 
method of formation of the inorganic ion electric conduction film which consists of a lithiimi and an 
aluminum-hydroxide composite. The solution is made to distribute positive active material or a 
negative-electrode active material, water is added to the dispersion liquid and they are made to 
hydrolyze a lithium alkoxide and an aluminxmi alkoxide. Thereby, it can form in the fi-ont face of 
positive active material or a negative-electrode active material by depositing a lithium and an 
aluminum-hydroxide composite. Also in this case, the hydrolysis liquid of a lithium alkoxide and an 
aluminum aUcoxide will present alkalinity, and positive active material or a negative-electrode active 
material will be washed by that liquid. Therefore, the non-active region of those firont faces can be 
reduced greatly, and a cold load property can be raised. 

[0023] Since the membrane resistance to ionic conduction will become large if too thick [ if too thin, 
oxidation reduction disassembly of a solvent cannot fixUy be controlled, but ], 5A - 5 micrometers of 
thickness of tfie inorganic ionic conduction fihn are 50-500A more preferably. 
[0024] Moreover, as positive active material of a nonaqueous electrolyte rechargeable battery, it can 
constitute according to the class of cell made into the purpose, using a metallic oxide, metallic 
sulfide, or a specific polymer as an active material. For example, when it constitutes a lithium ion 
nonaqueous electrolyte rechargeable battery, as positive active material, the metallic sulfide or the 
oxide which does not contain the lithium of TiS2, MoS2, NbSe2, and V205 grade, the lithium 
multiple oxide which makes a subject LixM02 (M expresses the transition metals more than a kind 
among a formula, and it is usually 0.05<=x<=1.10) can be used. As transition metals M which 
constitute this lithium multiple oxide, Co, nickel, Mn, etc. are desirable. As an example of such a 
lithium multiple oxide, LiCo02, LiNi02, LixNiyCol-y02 (x and y change with charge-and- 
discharge conditions of a cell among a formula, and it is usually 0< x<l and 0.7< y<1.02), and 
LiMn204 grade can be raised. These lithiums multiple oxide can be used with a suitable negative 
electrode and the suitable electrolytic solution, can produce the cell which generates the high voltage, 
and serves as positive active material which was excellent in energy density. According to the 
presentation of a request of the carbonate of a lithium, a nitrate, oxide or a hydroxide, and carbonates, 
such as cobalt, manganese, or nickel, a nitrate, oxide or a hydroxide, grinding mixing of this lithium 
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multiple oxide can be carried out, and it can be prepared by calcinating in a 600-1000-degree C 
temperature requiremrat under an oxygen ambient atmosphere. 

[0025] Moreover, although various ingredients can be used as a negative-electrode active material of 
a nonaqueous electrolyte rechargeable battery according to the class of cell made into the purpose, the 
carbonaiceous ingredient in which a dope and a dedope of the metal ion contributed to a cell reaction, 
especially a lithium ion are possible can be raised. The low crystallinity carbonaceous ingredient 
calcinated and obtained at the comparatively low temperature of 2000 degrees C or less as such a 
carbonaceous ingredient, the high crystallinity carbon material which processed the raw material 
which is easy to crystallize at the about 3000-degree C elevated temperature can be used. For 
example, pyrolytic carbon, corks, artificial graphites (pitch coke, needle coke, petroleum coke, etc.), 
natural graphites, glassy carbon, an organic high-molecular-compound baking object (what calcinated 
and carbonized furan resin etc. at suitable temperature), a carbon fiber, activated carbon, etc. can be 
used, the low crystallinity carbonaceous ingredient which does not have an exothermic peak in 700 
degrees C or more especially by the differential thermal analysis [ the spacing of a field (002) can set 
to 3.70A or more, and / true density ] in less than 1 .70g [ cc ] /and an air air current, and a negative 
electrode - a mixture - the high true specific gravity of restoration nature can use preferably a 2.10g 
[/cc ] or more high crystallinity carbonaceous ingredient. 

[0026] Moreover, as an organic solvent used for nonaqueous electrolyte, propylene carbonate, 
ethylene carbonate, diethyl carbonate, methylethyl carbonate, 1, 2-dimethoxyethane, 1, 2-diethoxy 
ethane, gamma-butyrolactone, a tetrahydrofuran, 1, 3-dioxolane, dipropyl carbonate, diethylether, a 
sulfolane, a methyl sulfolane, an acetonitrile, propyl nitril, an anisole, acetic ester, propionic-acid 
ester, etc. can be used, and two or more sorts may be mixed and used, for example. 
[0027] Moreover, as an electrolyte dissolved in nonaqueous electrolyte, the salt of light metals, such 
as a lithium, sodium, and aluminum, can be used, and it can set suitably according to the cell class 
which uses the nonaqueous electrolyte concerned. For example, when it constitutes a lithium ion 
nonaqueous electrolyte rechargeable battery, as an electrolyte, the lithium salt of LiC104, LiAsF6, 
LiPF6, LiBF4, LiCF3S03, and LiN(CF3S02)2 grade can be used. 
[0028] Other components, for example, a charge collector, a cell can, etc., of a nonaqueous 
electrolyte rechargeable battery of this invention etc. can be considered as the same configuration as 
the conventional nonaqueous electrolyte rechargeable battery. 

[0029] Moreover, the nonaqueous electrolyte rechargeable battery of this invention can be 
manufactured as usual except using the active material covered with the inorganic ionic conduction 
fihn. 

[0030] In addition, especially the cell configuration of the nonaqueous electrolyte rechargeable 
battery of this invention may not be limited, and may be a cylindrical configuration, a square shape 
configuration, a coin mold configuration, a carbon button mold configuration, or a paper mold 
configuration. Moreover, in order to obtain a closed mold nonaqueous electrolyte rechargeable 
battery with more high safety, the thing equipped with a means to make a current intercept according 
to a cell intemal pressure rise at the time of tiie abnormalities at the time of overcharge is desirable. 
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EXAMPLE 

[Example] The following examples explain this invention to a detail further. 

[0032] Using a petroleum pitch as an example 1 (production of negative electrode) start raw material, 
this was carbonized and coarse-grain-like pitch coke was obtained. This pitch coke was ground to the 
particle with a mean particle diameter of 20 micrometers. This powder was calcinated and 
caibonaceous-ized at 1000 degrees C in the inert gas ambient atmosphere. 
[0033] as the obtained carbonaceous ingredient powder 90 weight section and a binder ~ the 
polyvinylidene fluoride (PVDF) 10 weight section ~ mixing — a negative electrode - a mixture is 
prepared and this is distributed to n-methyl pyrroUdone - making — a negative electrode - a mixture 
- the slurry was prepared. 

[0034] Next, this slurry was applied to both sides of the band-like copper foil (negative-electrode 
charge collector) of 10-micrometer thickness, after drying, it pressed with the roller press machine 
and the band-like negative electrode was obtained, the negative electrode after shaping - both sides 
of the thickness of a mixture were 90 micrometers. Moreover, width of face of a band-like negative 
electrode was set to 55.6mm, and die length was set to 551.5mm. 

[0035] (Production of a positive electrode) One mol of cobalt carbonate was fiilly mixed with 0.5 
mols of Uthium carbonates, and LiCo02 which is positive active material was obtained by calcinating 
at 900 degrees C for 5 hours under the air ambient atmosphere. 

[0036] Next, the sodium-hydroxide 10 weight section is dissolved in the water 90 weight section, the 
alkali water solution was prepared and the aluminum-hydroxide 10 weight section was dissolved 
fiirther. It supplied to this solution, agitating the powder 100 weight section of LiCo02 compounded 
previously. Furthermore, 2% water solution of a lithium hydroxide was dropped, and 50 weight 
sections were agitated for it for 1 hour. Thereby, deposit formation was carried out and the inorganic 
ionic conduction film which becomes the front face of the powder of LiCo02 from a lithium and an 
aluminum-hydroxide composite was dried at 120 more degrees C for 2 hours. 
[0037] the powder 91 weight section of obtained LiCo02, the graphite (electric conduction agent) 6 
weight section, and the PVDF3 weight section are distributed to n-methyl pyrrolidone — making ~ a 
positive electrode — a mixture — the slurry was prepared. 

[0038] Next, this slurry was applied to both sides of the band-like alundnium foil (positive-electrode 
charge collector) of 20-micrometer thickness, after drying, it pressed with the roller press machine 
and tfie band-like positive electrode was obtained, the positive electrode after shaping ~ both sides of 
the thickness of a mixture were 70 micrometers. Moreover, width of face of a band-like positive 
electrode was set to 53.6mm, and die length was set to 523.5mm. 

[0039] (Production of a nonaqueous electrolyte rechargeable battery) The above-mentioned band-like 
negative electrode, the band-like positive electrode, and the separator that consists of a fine porosity 
polypropylene film (thickness of 25 micrometers, width of face of 58.1mm) were used as the negative 
electrode, the separator, the positive electrode, and the electrode object that carried out the four-layer 
laminating to the order of a separator. Along with the longitudinal direction, the negative electrode 
was ****ed inside, it whirled, this electrode object was wound aroimd the mold about many times, 
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and the eddy coil former electrode object was produced by fixing the last edge of an outermost 
periphery separator with adhesive tape. In addition, the bore for a centrum of the core of this eddy 
coil former electrode object was 3.5nim, and the outer diameter was 17.0mm. 
[0040] The acquired eddy coil former electrode object was contained with the iron cell can which 
performed nickel plating. Moreover, the electric insulating plate was installed in vertical both sides of 
an eddy coil former electrode object, the lead made from aluminum for collecting a positive electrode 
was drawn from the positive-electrode charge collector, it welded to the cell lid, the lead made from 
nickel for collecting a negative electrode similarly was drawn from the negative-electrode charge 
collector, and it welded to the cell can. And 5.0g of nonaqueous electrolyte which dissolved LiPF6 at 
a rate of one mol/1. into the amount mixed solvent of isochore of propylene carbonate and diethyl 
carbonate was poured in into the cell can. Furthermore, by closing a cell can through the insulating 
obturation gasket by which surface treatment was carried out with asphalt, the cell lid was fixed and 
the airtightness in a cell was secured. Thereby, the cylindrical nonaqueous electrolyte rechargeable 
battery with a diameter [ of 1 8mm ] and a height of 65nmi was obtained. 

[0041] The cylindrical nonaqueous electrolyte rechargeable battery was produced like the example 1 
except forming the example 2 inorganic ion electric conduction film in the front face of a negative- 
electrode active material (carbonaceous ingredient) instead of the front face of positive active 
material, as shown below. 

[0042] That is, it added agitating the carbonaceous ingredient 100 weight section which produced the 
lithium ethoxide 50 weight section and the aluminium ethoxyide 50 weight section like tiie case of an 
example 1 in the solution which dissolved in the ethanol 100 weight section, and 50 weight sections 
were dropped there, water was agitated to it for 1 hour, and lithium ethoxide and aluminium 
ethoxyide were hydrolyzed. At the time of hydrolysis, the condensation reaction arose competitively, 
and deposit formation of the inorganic ionic conduction fibn which becomes the front face of a 
negative-electrode active material from the composite of a hthium and an aluminum hydroxide by 
that cause was carried out. drying this at 120 degrees C for 2 hours — a negative electrode ~ it 
considered as the raw material of a mixture. 

[0043] The cylindrical nonaqueous electrolyte rechargeable battery was produced by the same 
actuation as an example 1 except not forming the inorganic ionic conduction film in the front face of 
example of comparison 1 positive active material. 

[0044] (Evaluation) Each trial of the Cole Cole plot property ( drawing 2 ) for evaluating the ease of 
migration of a lithium ion about the cylindrical nonaqueous electrolyte rechargeable battery of an 
example 1 and the example 1 of a comparison, a cycle property ( drawing 3 ), a cold load property 
( drawing 4 ), and a discharge property ( drawing 5 ) was performed on condition that the following. 
[0045] In addition, about the cell of an example 2, the measurement result about a cycle property is 
shown in drawing 3 . 
[0046] 

(1) Cole Cole plot property Measiuing object: Cell at the two-cycle eye termination time of each cell 
charged [ 100% ] Constant current constant-potential charge Charge electrical potential difference: 
4.2Vmax Charging current: TOOmAmax Charging time: 2.5hr It is temperature at the time of charge. : 
Room temperature Measuring device *Frequency Response Analyzer (S-5720C and NF Electric 
Instruments shrine make) 

* Potentiostat (HA-501G, Hokuto Denko Corp. make) 

Measurement temperature: 23-degree-C regularity Impression alternating voltage: lOmV A sine 
wave, O.OS-lOOkHz [0047] 

(2) Cycle property Charge conditions Constant current constant-potential charge Charge electrical 
potential difference: 4.20Vmax Charging cxirrent: 700mAmax Charging time: 2.5hr It is temperature 
at the time of charge. : 23-degree-C regularity Discharge conditions Constant-current discharge 
Discharge current: 400mA regularity Discharge final voltage: 2.75V It is temperature at the time of 
discharge. : 23-degree-C regularity [0048] 
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(3) Cold load property Measxmng object: Two-cycle eye termination cell of each cell Charge 
conditions Constant current constant-potential charge Charge electrical potential difference: 
4.20Vmax Charging current: 700mAmax Charging time: 2.5hr It is temperature at the time of charge. 
: -lO-degree-C regularity Discharge conditions constant-current discharge Discharge current: Repeat 
(l.SAxlOms and 150mAxl5ms) Discharge final voltage: 2.75V the time of discharge - temperature: 
-10-degree-C regularity [0049] 

(4) Discharge property Measuring object: 100 cycle eye termination cell of each cell Charge 
conditions Constant current constant-potential charge Charge electrical potential difference: 
4.20Vmax Charging current: TOOmAmax Charging time: 2.5hr It is temperature at the time of charge. 
: 23-degree-C regularity Discharge conditions constant-current discharge Discharge current: 400mA 
regularity Discharge final voltage: 2.75 V It is temperature at the time of discharge. : -10-degree-C 
regularity [0050] From drawing 2 (Cole Cole plot property Fig.), the cell of an example 1 is 
understood that resistance is low compared with the cell of the example 1 of a comparison, therefore 
insertion to the active material of a lithium ion is easy. 

[0051] From drawing 3 (cycle property Fig.), the cell of an example 1 and an example 2 is understood 
that discharge capacity is high and discharge capacity retention is moreover also high compared with 
the cell of the example 1 of a comparison. 

[0052] Although the cell of the example 1 of a comparison is large immediately after low- 
temperature discharge starting and cell voltage fell from drawing 4 (cold load property Fig.), cell 
voltage is falling gradually and it turns out that the cell of an example 1 is desirable practically. 
[0053] The cell of an example 1 is xmderstood that discharge capacity is high compared with the cell 
of the example 1 of a comparison from drawing 5 (discharge property Fig.). 
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3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS ' 

[Brief Description of the Drawmgs] 

[Drawing 1] It is a partial extention mimetic diagram near [ concerned ] the inorganic ionic ' 
conduction film of the active material covered with the inorganic ionic conduction film. 
[Drawing 2] It is the Cole Cole plot property Fig. of the nonaqueous electrolyte rechargeable battery 
of an example 1 and the example 1 of a comparison. 

[Drawing 3] It is the cycle property Fig. of the nonaqueous electrolyte rechargeable battery of 
examples 1-2 and the example 1 of a comparison. 

[Drawing 4] It is the low-temperature property Fig. of the nonaqueous electrolyte rechargeable battery 
of an example 1 and the example 1 of a comparison. 

[Drawing 5] It is the discharge property Fig. of the nonaqueous electrolyte rechargeable battery of an 
example 1 and the example 1 of a comparison. 

[Drawing 6] It is the extention mimetic diagram of the active material particle which is not covered 
with the inorganic ionic conduction film. 

[Drawing 7] It is the behavior explanatory view of the metal ion near the fi'ont face of an active 
material particle, or a solvent molecule which is not covered with the inorganic ionic conduction film. 

[Description of Notations] 
60 Active Material Particle 

A The non-active region of an active material particle front face 
B The active region of an active material particle fi'ont face 
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DRAWINGS 



[Drawing 1] 
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[Drawing 3] 
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[Drawing 4] 
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[Drawing 6] 
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